2-Aminopyridine was fused with ethyl acetoacetate for two hours to yield the N-2-pyridyl-3-oxobutanamide (1). However, when the reaction time was increased to 5 hours compound 3 was obtained. Condensation of 3 with benzaldehyde gave 4. The reaction of pyridopyridone 3 with arylidenemalononitrile 7a-c afforded 4H-pyran derivatives 10a-c. In contrast to the behavior of arylidenemalononitriles 7a-c towards pyridopyridine 3, benzylidenemalononitrile 7d reacted with compound 3 to give the product 11. Compound 1 was allowed to react with arylidenemalononitriles to give the dihydropyridine derivatives 17a-d. Alkylation of compound 1 with alkylating agents has been also reported. Thus, compound 1 was condensed with [DMF-DMA] in refluxing dioxane to yield 18, but under the reaction conditions we obtained only 21. The pyridopyridone 3 reacted with benzoyl isothiocyanates 25a,b to give thiourea derivatives 26a,b. Cyclization of 26a,b in dry dioxane and conc. sulphuric acid afforded pyridopyrimidine-2-thione derivatives 27a,b. On the other hand, coupling of pyridopyridone 3 with the aryl diazonium salts 28a-e afforded the corresponding azo products 29a-e. Boiling of compound 29 in ethanol and HCl afforded the azo products 30a-e. Treatment of arylhydrazone 30a with malononitrile afforded the pyridazine derivative 31.
Introduction
In the last few years, we have been involved in a program aimed at developing new efficient synthetic approaches for the synthesis of heterocyclic compounds of biological interest [1] [2] [3] . In previous studies, we reported the synthesis of polyfunctionally substituted pyridines [4, 5] . In continuation of this work we use here N-2-Pyridyl-3-oxobutanamide for the synthesis of polyfunctionally substituted pyridines and pyridazines.
Results and discussion
It has been found that 2-aminopyridine was fused with ethyl acetoacetate for two hours to yield N-2-pyridyl-3-oxobutanamide (1) [6, 7] . However, when the reaction time was increased to 5 hours a product with a molecular formula C 9 H 8 N 2 O and molecular weight 160 was obtained. This was assigned structure 3 or its isomeric pyridopyrimidine 6. Structure 6 was ruled out based on the elemental analysis and the spectral data. Thus, 1 H NMR spectrum revealed the presence of a singlet signal at δ = 3.3 ppm corresponding to the methyl group, a multiplet signal at δ = 6.9-8.3 ppm corresponding to aromatic and olefinic protons and a singlet signal at δ = 11.7 corresponding to NH group. Furthermore, this conclusion was supported by the mass spectrum. Thus, it showed a very intense molecular ion peak at m/z = 160. It, also, showed fragments at 131 (M -C=O), at 94 (M -CH 3 -C=C=O) and at 78 (pyridyl radical). This data are consistent with structure 3 and not structure 6.
Finally, structure 3 was confirmed via its preparation from N-2-pyridyl-3-oxobutanamide (1) according to the published procedure, using refluxing dioxane for 3 hours [mp, m.mp and TLC]. Therefore, formation of compound 3 from 2-aminopyridine and ethyl acetoacetate is believed to be formed via initial condensation of 2-aminopyridine with ethyl acetoacetate to form compound 1 which cyclizes to give the non isolable intermediate 2 that loses one molecule of water to give 3. Further support of the structure 3 was obtained by its condensation with aromatic aldehydes. Thus, it was condensed with benzaldehyde in refluxing ethanol in the presence of a catalytic amount of piperidine to give 4 as literature procedure [8, 9] . Establishing the structure of compound 4 was based on its elemental analysis and spectral data. Thus, 1 H NMR spectrum of compound 4 revealed the absence of methyl function and revealed the presence of two doublet signals at δ = 6.8 and 6.9 ppm corresponding to olefinic protons, a multiplet signal at δ = 7.2-8.2 ppm corresponding to aromatic protons and a singlet signal at δ = 11.7 ppm corresponding to NH group. The behavior of pyridopyridone 3 towards electrophilic reagents under an alkaline condition was also investigated. Thus, the reaction of pyridopyridone 3 with 3-chlorobenzylidinemalononitrile 7a afforded a product that can be formulated as either 4H-pyran derivative 10a or its isomeric structure 14a. Structure 14a was ruled out, while structure 10a was established as the sole reaction product based on its spectral analysis. For example, the 1 H NMR spectrum of 10a revealed the presence of a singlet signal at δ = 3.37 ppm corresponding to methyl function, a singlet function at δ = 4.45 ppm corresponding to 4H pyran, a multiplet signal at δ = 7.07-7.80 ppm corresponding to aromatic protons and a singlet signal at δ = 10.45 ppm corresponding to NH 2 group. Formation of compound 10 can be interpreted via intermediacy of Michael adduct 8a which cyclizes to 9a that tautomerizes into 10a.
Similarly, the reaction of pyridopyridone 3 with arylidenemalononitriles 7b,c afforded the 4H pyran derivatives 10b,c. Structure 21 was actually the only reaction product based on its spectral data. Thus, 1 H NMR spectrum revealed the presence of a singlet signal at δ = 2.12 ppm corresponding to methyl group, a singlet signal at δ = 3.34 ppm corresponding to methyl group, a multiplet signal at δ = 7.13-8.71 ppm corresponding to aromatic protons and a singlet signal at δ = 11.11 ppm corresponding to NH group. Formation The behavior of pyridopyridone 3 towards isothiocyanate reagents was also investigated. Thus, when 3 was reacted with benzoyl isothiocyanate and acetyl isothiocynate 25a,b which, in turn prepared from benzoylchloride or acetylchloride with ammonium thiocyanate in refluxing acetone, afforded the acyclic thiourea derivatives 26a,b based on their elemental analysis and spectral data. Formation of 26a,b from the reaction of pyridopyridone 3 and benzoyl isothiocynate is believed to be formed via initial ring opening in pyridopyridone 3 and subsequent loss of crotonaldehyde molecule. Cyclization of thiourea derivatives 26a,b in dry dioxane and conc. sulphuric acid afforded pyridopyrimidinethione derivatives 27a,b (Scheme 5) . 
RCONCS
On the other hand, coupling of pyridopyridone 3 with the aryl diazonium salt 28a [11, 12] afforded the corresponding azo product 29a. Establishing structure 29a was based on its spectral data. For example, the mass spectrum of compound 29a showed a molecular ion peak at m/z = 264 (M + ) corresponding to the molecular formula C 15 H 12 N 4 O. Also, 1 H NMR of compound 29a revealed the presence of a singlet signal at δ = 2.3 ppm corresponding to methyl function, a multiplet signal at δ = 6.9-8.5 ppm corresponding to aromatic protons and singlet signals at δ = 13.13, 14.45 ppm corresponding to NH and OH groups. Similarly, coupling of pyridopyridine 3 with aryl diazonium salts 28b-e afforded the azo products 29b-e (Scheme 6). Boiling compounds 29a-e in ethanol and HCl afforded the azo products 30a-e. Spectral data are in favor with the proposed azo form. For example the IR spectrum of 30d showed absorption bands at 3100, 3058 cm -1 corresponding to NH, and absorption bands at 1662 and 1635 cm -1 corresponding to amidic arbonyl and acetylcarbonyl respectively. 1 H NMR revealed to the presence of a singlet signal at δ = 2.60 ppm corresponding to methyl group, a multiplet signal at δ = 7.04-8.42 ppm corresponding to aromatic protons and a singlet signal at δ = 11.90 ppm corresponding to NH group. Moreover, the mass spectrum of 30d showed the molecular ion peak at m/z = 332 (M+1). Treatment of arylhydrazone 30a with malononitrile in absence of solvent and in presence of a little amount of ammonium acetate afforded the pyridazine derivatives 31 as demonstrated in (Scheme 6). Establishing structure 31 was based on its elemental analysis and the spectral data. 
Preparation o f 1,2-Dihydro-4-methyl[1,8]naphthyridine-2-one(3):
A mixture of 2-aminopyridine (9.4 g, 0.1 mol) and ethyl cetoacetate (13 g, 0.1 mol) was fused at 130°C for 5 hrs. The reaction mixture was allowed to cool and treated with petroleum ether (40-60), the solid product, so formed, was collected by filtration and crystallized from ethanol. It was obtained as colorless crystals (50% 
Preparation of 4-(2-styryl)naphthryidin-2-one (4):
A mixture of pyridopyridone 3 (1.6 g; 0.01 mol) and benzaldehyde (1.06 g; 0.01 mol) in ethanol (30ml) was treated with a catalytic amount of piperidine (1 ml). The reaction mixture was refluxed for 2 hrs and left to cool. The solid product was collected by filtration and crystallized from ethanol. 
Preparation of fused pyran derivatives (10a-c and 11):
General procedure: A mixture of pyridopyridone derivative 3 (1.60 g; 0.01 mol) and arylidenemalononitriles (0.01 mol) in ethanol (30 ml) was treated with few drops of piperidine and heated under reflux for 3 hrs. The reaction mixture was allowed to cool and poured onto crushed ice then acidified with HCl, The solid product was collected by filtration and crystallized from the proper solvent. -4-(3-chlorophenyl)-5-methyl-4H-1-oxa-9,10-diaza-anthracene-3 
2-Amino

2-Amino-4-(4-hydroxyphenyl)-5-methyl-4H-1-oxa-9,10-diaza-anthracene-3-carbonitrile (10b):
It was obtained as orange crystals (35%) 
Preparation of 4H-pyridine derivatives 17a-d:
General procedure: A mixture of N-2-pyridyl-3-oxobutanamide 1 (1.78 g; 0.01 mol) and arylidenemalononitriles (0.01 mol) in ethanol (30 ml) was treated with few drops of piperidine and heated under reflux for 3 hrs. The reaction mixture was allowed to cool and poured into crushed ice then acidified with HCl, The solid product was collected by filtration and crystallized from the proper solvent. -2-amino-4-(3-chlorophenyl)-6-hydroxy-4H-[1,2] 
5-Acetyl
5-Acetyl-2-amino-6-hydroxy-4-(4-hydroxyphenyl)-4H-[1,2]bipyridinyl-3-carbonitrile (17b):
It was obtained as orange crystals from ethanol (68. 
Preparation of pyridopyrimidinethione derivative (27a,b):
General procedure: To a solution of thiourea derivatives 26a,b (0.01 mol) in dry dioxane (50 ml), conc. sulphuric acid (0.01 mol) was added. The reaction mixture was heated under reflux for 2 hrs, and then poured onto cold water. The solid product was collected by filtration and crystallized from the proper solvent.
4-phenyl-1H-pyrido[2,3-d]pyrimidine-2-thione (27a).
It was obtained as pale yellow crystals from ethanol (55. 4 
Preparation of compounds (29a-e) and (30a-e):
General procedure: A cold solution of diazonium salt (prepared by adding a solution of sodium nitrite, 1.5 g into 10 ml H 2 O, is added to the cold solution of the corresponding amine hydrochloride, 0.1 mol in 10 ml concentrated HCl, The mixture was stirred in an ice bath). The resulting solution of diazonium salt was then added to cold solution of either N-2-pyridyl-3-oxobutanamide (1) or pyridopyridone 3 (0.01 mole) in ethanol (30 ml) containing 2 g sodium acetate at 0°C for 1 hr. The resulting solid was collected by filtration, washed with water and crystallized from the proper solvent. 
4-Methyl
Preparation of aryl azo derivatives (30a-e):
A suspension of arylazo pyridopyridinethione 29a-e in dil. hydrochloric acid solution was refluxed for 2 hrs. The reaction mixture was left to cool and neutralized with ammonia solution until complete precipitation. The solid product so formed was collected by filtration and crystallized by the proper solvent.
3-Oxo-2-(phenylazo)-N-pyridin-2-yl-butyramide (30a):
It was obtained as yellow crystals from ethanol (90. 
2-[(4-
Chlorophenyl
2-[(4-tolyl)-azo]-3-oxo-N-pyridin-2-yl-butyramide (30c):
It was obtained as yellow crystals from ethanol (98%); mp 180-182°C;  max /cm -1-ylazo) ]-3-oxo-N-pyridin-2-yl-butyramide(30d):
2-[(Naphthalen
